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(54) Electronic cabinet temperature regulation 

(57) A temperature regulation unit for an electrical 
cabinet includes a heat exchanger 22, and a refrigerating 
circuit consisting of a compressor 24, a condenser 26 and 
an evaporator 28. Air is drawn from the interior of the 
cabinet passes through the heat exchanger 22, across the 
evaporator 28 and is returned to the cabinet. Ambient air 
is drawn either through the heat exchanger 22 or across 
the condenser 26 and then expelled. A control flap 44 
determines which. In normal operation, the flap 44 is 
positioned to communicate the heat exchanger with the 
ambient air flow. If the temperature of the interior of the 
cabinet rises above its maximum acceptable value, the 
flap is moved and the compressor 24 started up. The unit 
then goes into refrigeration mode. Once the interior 
temperature reaches the lower end of its acceptable range 
of temperatures the control circuit switches the 
compressor off. If the temperature of the interior of the 
cabinet is greater than ambient temperature, the flap is 
moved once again to go back to heat exchange mode. 
However, if ambient temperature exceeds the temperature 
of the interior of the cabinet, the flap 44 stays where it is 
until the temperature of the interior of the cabinet rises 
above ambient temperature, effectively maintaining the 
interior of the cabinet insulated for the time being. This 
arrangement prevents the heat exchanger 22 contributing 
to the heating effect inside the cabinet 



RETURN AW 



f^R S^EDj 




AMBENT AIR IN 



RUNMNG S 
CONSTANT 



EXHAUST A£ J AP/ARHX 



FRV.CR 
FU9BLE 




INSIDE 'SEALED* AIR 
(CLEAN) 

OUTSIDE AIR 
(DIRTY) 



Fig. 2 



CO 



CD 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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ELECTRONS CABINET TEMPERATURE REGULATION 

This invention relates to temperature regulating units for 
5 use with electronic cabinets, i.e. cabinets which house 
electronic components or electrical equipment. 

In many applications, e.g. transceiver base stations, the 
housing cabinets must meet extremely stringent operating 

10 standards. The interior of the cabinet must be kept free 
of air-borne particles and thus there must be no mixing of 
the air inside the cabinet with ambient air. The 
temperature of the interior of the cabinet must be 
maintained within a relatively narrow band, typically 

15 between 30 and 40 degrees C, irrespective of ambient 
temperature. The interior temperature should be maintained 
reasonably steadily without, for example, allowing the 
temperature to cycle between its optima, as such thermal 
cycling can give rise to premature fatigue. Noise must be 

20 kept to a minimum to maintain a reasonably pleasant working 
environment for the equipment operators. Power consumption 
should be minimised. 

There are a number of temperature regulating units 
25 availably nowadays which to greater or lesser degrees 
achieve the objects described above. One such unit makes 
use of a heat exchanger or recuperator to maintain the 
temperature of the interior of the cabinet at relatively 
low ambient temperatures. At higher ambient temperatures, 

30 when the heat exchanger is incapable of maintaining the 
temperature of the interior of the cabinet within 
acceptable limits, a refrigeration circuit is started up 
once the temperature of the interior of the cabinet exceeds 
its maximum acceptable value. Once the refrigeration 

35 circuit has reduce the temperature of the interior of the 
cabinet to its minimum acceptable value, the circuit is 
shut off again and the heat exchanger then provides cooling 
until such time as the refrigeration circuit is again 
required. This arrangement is reasonably successful for a 

40 range of ambient temperatures, but suffers if ambient 
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temperature exceeds the minimum acceptable value of the 
temperature of the interior of the cabinet. In that case, 
when the refrigeration circuit is shut off, ambient 
temperature actually exceeds the temperature of the 
5 interior of the cabinet and the heat exchanger only serves 
to increase the temperature of the interior of the cabinet. 
An alternative would be to keep the refrigeration circuit 
running, but this poses immense difficulties in controlling 
the efficiency of the circuit so as not to overcool the 
10 electrical equipment and is expensive in terms of power 
consumption • 

The present invention provides a temperature regulation 
unit in which the above problem is alleviated. 

15 

According to the present invention, there is provided a 
temperature regulating unit for a cabinet, the unit 
comprising: 

interior inlet and outlet ports through which the unit 
20 is adapted to take air from and return it to the interior 
of the cabinet; 

exterior inlet and outlet ports through which the unit 
is adapted to take in and return ambient air; 

a heat exchanger having first and second groups of air 
25 passages in thermal contact with one another, no passage of 
either group being in communication with any passage of the 
other group; 

a refrigeration circuit including a compressor, a 

condenser and an evaporator; and 
30 a control switch operable to switch between first and 

second operating modes of the unit: 

a first mode in which ambient air entering an exterior 

inlet port passes through the first group of air passages 

in the heat exchanger and exits from an exterior outlet 
35 port and air entering an interior inlet port passes through 

the second group of air passages in the heat exchanger and 

exits from an interior outlet port without mixing with the 

ambient air; and 
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a second mode in which ambient: air entering an 
exterior inlet port passes across the condenser and exits 
from an exterior outlet port and air entering an interior 
inlet port passes across the evaporator and exits from an 
5 interior outlet port without mixing with, and without 
coming into thermal contact in the heat exchanger with, the 
ambient air. 

Although the unit itself has two modes of operation, the 
10 first in which cooling is provided by the heat exchanger 
and the second in which cooling is provided by the 
refrigeration circuit, there is in fact a third mode of 
operation. The third mode is constituted by the control 
switch being switched to the second operating mode, but the 
15 compressor being shut off so that the refrigerating circuit 
is not operating. Because with the control switch switched 
to the second operating mode there is no thermal contact in 
the heat exchanger between ambient air and air from the 
interior of the cabinet, the interior of the cabinet is 
20 effectively insulated from the exterior. This third mode 
can be brought into operation when the temperature of the 
interior of the cabinet is lower than ambient temperature. 

For simplicity of control switching, it is preferred that 
25 there be one interior inlet port and one interior outlet 
port and that in both the first and second operating modes, 
air entering the interior inlet port passes through the 
second group of air passages in the heat exchanger and 
across the evaporator before exiting from the interior 
30 outlet port. This arrangement allows the control switch to 
operate only on the ambient air pathway with in the unit. 

To realise the advantages of the third operating mode, it 
is preferred that the unit further comprise control means 
35 responsive to the temperature of the interior of the 
cabinet and ambient temperature and adapted to operate as 
follows: 

to start up the compressor and operate the control 
switch to switch to the second operating mode when the 
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temperature of the interior of the cabinet rises above a 
higher threshold value; 

to shut off the compressor when the temperature of the 
interior of the cabinet falls below a lower threshold 
5 value ; and 

to operate the control switch to switch to the first 
operating mode when either the temperature of the interior 
of the cabinet falls below the lower threshold value but 
remains above ambient temperature or when the compressor 
10 has been shut off and the temperature of the interior of 
the cabinet rises above ambient temperature. 



Such control means will operate to maintain the temperature 
of the interior of the cabinet between the lower and higher 
15 threshold values, typically 30 and 40 degrees C, and ensure 
that the heat exchanger is operating only when the 
temperature of the interior of the cabinet exceeds ambient 
temperature . 

20 For ease of construction , the control switch may include a 
movable flap which operates to open and close air pathways 
within the unit. 

The present invention will now be described with reference 
25 to the accompanying drawings in which: 

fig. 1 is a diagrammatic side view of a temperature 
control unit; and 

fig. 2 is a schematic of the unit of fig. 1. 

30 As can be seen from fig. 1, the temperature regulation unit 
10 includes an interior inlet port 12, an interior outlet 
port 14, an upper exterior inlet port 16, a lower exterior 
inlet port 18 and an exterior outlet port 20. The unit 
also includes a heat exchanger 22, and a refrigerating 

35 circuit consisting of a compressor 24, a condenser 26 and 
an evaporator 28. The heat exchanger 22 consists of first 
and second groups of air passages 30, 32 which cross one 
another at 90 degrees. The heat exchanger is made from a 
number of spaced, square plates 34 which define the air 
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passages 30, 32 between them. Alternate air passages 30, 
32 are blocked off on alternate sides of the cuboid formed 
from the stack of plates 34, thus defining the groups of 
air passages. The long diameters of the heat exchanger 22 
5 are vertical and horizontal, so that the air passages make 
an angle of 45 degrees with the horizontal. 

Air is drawn from the interior of the cabinet (not shown) 
via the interior inlet port 12 by the interior fan 36, 

10 passes through the second group of air passages 32 in the 
heat exchanger 22, across the evaporator 28 and is expelled 
via the interior outlet port 14. An exterior fan 38 is 
provided to drive the flow of ambient air through the unit. 
There are two flow paths which ambient air may take within 

15 the unit. Air may be drawn in through the lower exterior 
inlet port, through the first group of air passages 30 in 
the heat exchanger 22 , out of the heat exchanger via a 
first internal opening 40 and then out of the exterior 
outlet port 20. Alternatively, air may be drawn in through 

20 the upper exterior inlet port 16, across the condenser 26, 
through a second internal opening 42 and then out of the 
exterior outlet port 20. A further condenser fan 54 (fig. 
2) is provided to promote air flow across the condenser. 

25 A control flap 44, operated via a linkage 46 by an actuator 
48 serves to open one or other of the internal openings 
while closing off the remaining opening. Internal 50 and 
external 52 temperature transducers are provided, the 
outputs of which are supplied to a control circuit, such as 

30 a microprocessor, the control circuit controlling operation 
of the actuator 48 and the compressor 24 and the speeds of 
the three fans 36, 38, 54. The internal temperature 
transducer 50 is situated adjacent to the interior inlet 
port so that it measures the temperature of the extracted 
35 air. 

Operation of the unit is as follows. Initially, the 
control flap 44 is set to close the internal opening 40 
from the heat exchanger. The compressor is shut off. A 
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heater (not shown) within the unit or the cabinet increases 
the internal temperature of the cabinet to, for example, 20 
degrees C, at which temperature it is safe for the 
electrical equipment within the cabinet to be switched on. 
5 Both the internal and external fans 36, 38 are switched on. 

Once the temperature of the interior of the cabinet rises 
above ambient temperature, the flap 44 is moved by the 
actuator 48 so as to close the internal opening 42 and 

10 communicate the heat exchanger with the exterior fan 38. 
Heat exchange takes place within the heat exchanger 22 and 
the speed of the interior and exterior fans 36, 38 is 
controlled according to the outputs from the two 
temperature transducers 50, 52 to maintain an approximately 

15 steady temperature inside the cabinet. 

If ambient temperature rises of the electrical equipment 
increases its heat output, this is compensated by an 
increase in the speed of the two fans 36, 38. However, 

20 ambient temperature may be so high that the heat exchanger 
is incapable of cooling the equipment sufficiently to 
maintain its temperature within acceptable limits even when 
the two fans are operating at maximum speed. Once the 
temperature of the interior of the cabinet rises above its 

25 maximum acceptable value, e.g. 40 degrees C, the control 
circuit operates the actuator 48 to close the first 
internal opening 40, thus opening the second internal 
opening 42, and starts up the compressor 24 and the 
condenser fan 54 (fig. 2). The unit then goes into 

30 refrigeration mode, its second mode of operation. 

Under refrigeration, the temperature of the interior of the 
cabinet decreases. Once it reaches the lower end of its 
acceptable range of temperatures, e.g. 30 degrees C, the 
35 control circuit switches the compressor off. At this 
stage, if the temperature of the interior of the cabinet is 
greater than ambient temperature, the flap is actuated once 
again to close the second internal opening 42 and open the 
first 40, taking the unit back into its first mode of 



operation (heat exchanging). However, if ambient 

temperature exceeds the temperature of the interior of the 
cabinet, the flap 44 stays where it is until the 
temperature of the interior of the cabinet rises above 
ambient temperature, effectively maintaining the interior 
of the cabinet insulated for the time being. This 
arrangement prevents the heat exchanger 22 contributing to 
the heating effect inside the cabinet. 
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CLAIMS 

1. A temperature regulating unit for a cabinet, the unit 
comprising: 

interior inlet and outlet ports through which the unit 
is adapted to take air from and return it to the interior 
of the cabinet; 

exterior inlet and outlet ports through which the unit 
is adapted to take in and return ambient air; 

a heat exchanger having first and second groups of air 
passages in thermal contact with one another, no passage of 
either group being in communication with any passage of the 
other group; 

a refrigeration circuit including a compressor, a 
condenser and an evaporator; and 

a control switch operable to switch between first and 
second operating modes of the unit: 

a first mode in which ambient air entering an exterior 
inlet port passes through the first group of air passages 
in the heat exchanger and exits from an exterior outlet 
port and air entering an interior inlet port passes through 
the second group of air passages in the heat exchanger and 
exits from an interior outlet port without mixing with the 
ambient air; and 

a second mode in which ambient air entering an 
exterior inlet port passes across the condenser and exits 
from an exterior outlet port and air entering an interior 
inlet port passes across the evaporator and exits from an 
interior outlet port without mixing with, and without 
coming into thermal contact in the heat exchanger with, the 
ambient air. 

2. A temperature regulating unit according to claim 1 in 
which there is one interior inlet port and one interior 
outlet port and in which in both the first and second 
operating modes, air entering the interior inlet port 
passes through the second group of air passages in the heat 
exchanger and across the evaporator before exiting from the 
interior outlet port. 
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3* A temperature regulating unit according to claim 1 or 
claim 2 further comprising control means responsive to the 
temperature of the interior of the cabinet and ambient 
temperature and adapted to operate as follows: 
5 to start up the compressor and operate the control 

switch to switch to the second operating mode when the 
temperature of the interior of the cabinet rises above a 
higher threshold value; 

to shut off the compressor when the temperature of the 
10 interior of the cabinet falls below a lower threshold 
value ; and 

to operate the control switch to switch to the first 
operating mode when either the temperature of the interior 
of the cabinet falls below the lower threshold value but 
15 remains above ambient temperature or when the compressor 
has been shut off and the temperature of the interior of 
the cabinet rises above ambient temperature. 

4. A temperature regulating unit according to any one of 
20 claims 1-3 in which the control switch includes a movable 

flap which operates to open and close air pathways within 
the unit, 

5. A temperature regulating unit for a cabinet, the unit 
25 being substantially as described herein with reference to 

the accompanying drawings. 
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